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ABSTRACT 

The advantages, disadvantages, and technical problems 
associated with contending enclosure configurations and jetti- 
son techniques are discussed and compared. On a purely techni- 
cal basis, clam-shell jettison of the Apollo SLA and a new, 
split nose cone appears preferable to over-the-nose jettison of 
the MSFC 203 type enclosure. The segmented SLA-nose cone con- 
figuration has at least a 300 pound payload-to-orbit advantage, 
and its influence on the payload environment is well understood 
and has been factored into payload designs. 

The MSFC 203 type enclosure, however, offers a signi- 
ficant cost advantage. F o r  one test and two flight units, the 
Apollo Applications Program could save about 4.2 million 
dollars by implementing the MSFC proposal. Estimated unit 
costs of additional enclosures for the backup payloads are 0.3 
million for a MSFC enclosure vs. 1.2 million for a clam-shell 
SLA-nose cone. 

The decision as to which of the contending configura- 
tions is accepted can rest on a determination of whether 600 
to 1200 pounds additional payload in orbit, split between AAP-2 
and AAP-4, is worth over four million dollars. 
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The payload  e n c l o s u r e s  on t h e  unmanned l aunches  o f  
t h e  Apollo A p p l i c a t i o n s  Program, AAP-2 and AAP-4,  are t o  be 
j e t t i s o n e d  a t  approximate ly  180  seconds  a f te r  l i f t - o f f .  Sub- 
o r b i t a l  j e t t i s o n  o f  a n  e n c l o s u r e  o f f e r s  s u b s t a n t i a l  improve- 
ment i n  the pay load- to -o rb i t  c a p a b i l i t y  of each  l aunch .  It 
has n o t  been de termined  what the  c o n f i g u r a t i o n  o r  method of 
j e t t i s o n  of t h e  e n c l o s u r e s  w i l l  b e .  There are 
t i o n s  and three t e c h n i q u e s  f o r  j e t t i s o n  d u r i n g  
c o n t e n t i o n :  

C o n f i g u r a t i o n  Te c hn i q u e  

f o u r  conf igu ra -  
powered f l i g h t  i n  

F i g u r e  

Apollo SLA-nose cone-tower One p i e c e  ove r  t h e  nose 1 
j e t t i s o n  motor 

Apollo SLA-new segmented Four p i e c e  c l am-she l l  2 
nose cone 

Apollo SLA-nose cone-tower F i v e  p i e c e  combina t ion ;  3 
j e t t i s o n  motor  nose cone a x i a l l y ,  t h e n  

SLA p a n e l s  l a t e r a l l y  

S A  2 0 3  t y p e  shroud-tower One p i e c e  over  t h e  nose 4 
j e t t i s o n  motor 

The two f a c t o r s  which shou ld  f i n a l l y  d i c t a t e  t h e  
s e l e c t i o n  of one of  t h e  con tende r s  are impact  on launch  
v e h i c l e  performance c a p a b j l i t y  and t o t a l  c o s t  t o  t h e  program. 

The b a s i c  advantage of t h e  SLA i s  t h a t  i t  i s  a known 
q u a n t i t y .  I t s  i n f l u e n c e  on t h e  payload  environment f rom s t a n d -  
p o i n t s  of  i n t e r f a c e  l o a d s ,  v i b r a t i o n  l e v e l s ,  and a c o u s t i c  sound 
p r e s s u r e  l e v e l s  have been recognized  and f a c t o r e d  i n t o  the  de- 
s i g n  o f  t h e  p a y l o a d s - - p a r t i c u l a r l y  t he  A i r l o c k  Module and t h e  
LM-A. I t s  weight ,  as it  a f f e c t s  performance c a p a b i l i t y ,  i s  
f i r m l y  e s t ab l i shed .  Ground suppor t  equipment (GSE) ,  such  as 
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FIGURE 1: APOLLO SLA - NOSE CONE 
OVER-THE-NOSE JETTI SON 



- 3 -  

FIGURE 2: APOLLO SLA - SPLIT NOSE CONE 
FOUR PIECE CLAM-SHELL JETTISON 
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FIGURE 3: APOLLO SLA - NOSE CONE 
FIVE- P I ECE COMB I NAT ION JETTI SON 
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FIGURE 4:i SA 203 TYPE ENCLOSURE 
OVER-THE -NOSE J E l l 1  SON 
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i n t e r n a l  work p l a t f o r m s  and h a n d l i n g  eauipment ,  l i f t i n g  f i x -  
t u r e s ,  and t e s t  equipment i s  a v a i l a b l e  from Apol lo  and re- 
q u i r e s  l i t t l e  o r  no m o d i f i c a t i o n .  

A problem which requi res  r e s o l u t i o n  i f  t h e  SLA i s  
used  i s  the  i n s u f f i c i e n t  c l e a r a n c e  between i t s  i n n e r  s k i n  and 
t h e  j e t t i s o n a b l e  cove r  f o r  MDA P o r t  1. A c o v e r  i s  needed t o  
p r o t e c t  docking  i n t e r f a c e  seals  from a long  exposure  t o  t h e  
s p a c e  envi ronment ,  and t o  p r o v i d e  a p r e s s u r i z e d  volume f o r  i n -  
s t a l l a t i o n  of t h e  probe by t h e  AAP-3 crew. I f  t h i s  c o v e r  i s  
made l a r g e  enough t o  p e r m i t  probe i n s t a l l a t i o n  w i t h o u t  a 
change i n  cove r  geometry,  t he re  i s  a n  i n t e r f e r e n c e  o f  abou t  
1 4  i n c h e s  which must be  e l i m i n a t e d  by a b l i s t e r  on t h e  SLA. 
If t h e  over- the-nose j e t t i s o n  t e c h n i q u e  i s  used ,  t h i s  b l i s t e r  
would have  t o  e x t e n d  down t h e  SLA t o  about  i t s  s e p a r a t i o n  
p l a n e ,  and would t h u s  b e  a major m o d i f i c a t i o n .  With l a t e r a l  
p a n e l  j e t t i s o n ,  t h e  b l i s t e r  could  b e  a l o c a l  one.  An MDA 
c o v e r  t h a t  can be deployed a f t e r  l aunch  r e l i e v e s  t h i s  i n t e r -  
f e r e n c e  problem, b u t  y i e l d s  o n l y  one-half  i n c h  nominal c l e a r -  
ance ,  which i s  i n s u f f i c i e n t .  S u f f i c i e n t  c l e a r a n c e  can b e  
a c h i e v e d  b y  a small  b l i s t e r  on t h e  SLA, o r  b y  s h o r t e n i n g  t h e  
MDA t u n n e l  b y  3 1 / 2  i n c h e s .  A 3 1 / 2  i n c h  s h o r t e r  MDA t u n n e l  
w i l l  g i v e  the same c l e a r a n c e s  d u r i n g  docking  t h a t  e x i s t e d  be- 
f o r e  a r e c e n t  3 1 /2  i n c h  e x t e n s i o n  of  t h e  LIM t u n n e l ,  e x c e p t  
f o r  a docking  t a r g e t  t h a t  can b e  r e l o c a t e d  o r  shock mounted. 

of t h e  SLA are beyond concep tua l  d e s i g n ,  no o t h e r  t e c h n i c a l  
problems are a n t i c i p a t e d  w i t h  any of t h e  approachs .  The c l am-she l l  
t e c h n i q u e  o f f e r s  about  100  pounds g r e a t e r  performance c a D a b i l i t y  
t h a n  over- the-nose o r  combinat ion t e c h n i q u e s  because  t h e  tower  
j e t t i s o n  motor i s  n o t  r e q u i r e d .  New p a n e l  t h r u s t e r s  ( c o n t a i n e d  gas 
expans ion )  t o  d r i v e  the  f o u r  i n d i v i d u a l  p a n e l s  ove r  c e n t e r  a re  
r e q u i r e d  f o r  c l am-she l l  o r  combinat ion j e t t i s o n  because  of  l aunch  
v e h i c l e  a c c e l e r a t i o n .  A c l am-she l l  nose  cone must s p l i t  i n t o  
f o u r  p i e c e s  by e x t e n s i o n  of t h e  e x i s t i n g  SLA p y r o t e c h n i c  t r a i n s .  
S u c c e s s f u l  j e t t i s o n  of  t h e  i n d i v i d u a l  SLA-plus-nose-cone p a n e l s  
can be r e a s o n a b l y  demonstrated i n  an a l t i t u d e  chambey t e s t ,  where- 
as a ground t e s t  o f  over- the-nose o r  combinat ion j e t t i s o n  i s  n o t  
f e a s i b l e .  Because combinat ion j e t t i s o n  i s  t h e  most complex t o  
implement,  and has most of t h e  d i s a d v a n t a g e s  of t h e  o t h e r  two, 
i t  i s  t h e  l e a s t  a t t r a c t i v e .  Because t h e  c l am-she l l  t e c h n i a u e  i s  
l e s s  r i s k y  from the  s t a n d p o i n t  of c o l l i s i o n  d u r i n g  j e t t i s o n ,  
because  i t  l e n d s  i t s e l f  t o  q u a l i f i c a t i o n ,  and because  of  g r e a t e r  
pay load  c a p a b i l i t y ,  i t  i s  prefer red  t e c h n i c a l l y  to t h e  over - the-  
nose  t e c h n i q u e  f o r  SLA j e t t i s o n .  

Though none of t he  t e c h n i a u e s  f o r  s u b o r b i t a l  j e t t i s o n  

SA 2 0 3  Type  Enc losu re  
The Marshall Space F l i g h t  C e n t e r  has r e c e n t l y  pro-  

posed t h a t  t h e  SLA b e  r ep laced  b y  a n  e n c l o s u r e  of t h e  t y p e  
used  f o r  t h e  SA 203 m i s s i o n .  It would be f a b r i c a t e d  in-house 
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a t  MSFC u s i n g  s k i n - s t r i n g e r  c o n s t r u c t i o n .  The u p p e r - c o n i c a l  
s e c t i o n s  would be i d e n t i c a l  i n  shape  t o  t h e  2 0 3  nose  cone ,  b u t  
s k i n  gages  would be  r educed .  Two new c y l i n d r i c a l  s e c t i o n s  
s e p a r a t e d  by a p y r o t e c h n i c  j o i n t  are r e q u i r e d  between t h e  I U  
and the  lower c o n i c a l  s e c t i o n .  Only over-the-nose j e t t i s o n  
u s i n g  a tower  j e t t i s o n  motor has been examined. 

The i n c r e a s e d  d i ame te r  of  t h i s  c o n f i g u r a t i o n  p e r m i t s  
i n s t a l l a t i o n  of  a P o r t  1 MDA cove r  o f  s u f f i c i e n t  s i z e  f o r  
probe  i n s t a l l a t i o n .  It a l s o  a f f o r d s  g r e a t e r  c l e a r a n c e s  d u r i n g  
j e t t i s o n  t h a n  an  over-the-nose SLA c o n f i g u r a t i o n .  

The a d d i t i o n a l  t h r e e  f ee t  between t h e  I U  and t h e  
s p a c e c r a f t  a t t a c h  p o i n t s  r e q u i r e d  i n  t h e  AAP-4 m i s s i o n  can  be  
i n c o r p o r a t e d  d i r e c t l y  i n t o  t h e  lower  c y l i n d r i c a l  s e c t i o n ,  and 
t h e  procurement o f  a n  I U  s t r u c t u r e  from IBM, which i s  p lanned  
w i t h  t h e  SLA c o n f i g u r a t i o n ,  i s  n o t  r e q u i r e d .  The f l e x i b i l i t y  
f o r  l o c a t i n g  GSE i n t e r f a c e s ,  such  as u m b i l i c a l  p la tes  and 
a c c e s s  d o o r s ,  s o  they  a r e  compat ib le  w i t h  Launch Complex 37B 
and the  i n t e g r a t e d  t e s t  s t and  a t  t h e  Manned S p a c e c r a f t  Opera- 
t i o n s  B u i l d i n g  f o r  b o t h  AAP-2 and AAP-4 i s  an  advan tage .  
T h i s  f l e x i b i l i t y  i n  f a b r i c a t i o n  a v o i d s  t he  r equ i r emen t  t o  
r e l o c a t e  swing arms and e x t e r n a l  work p l a t f o r m s  a t  KSC between 
m i s s i o n s .  

There are a l s o  some r e c o g n i z e d  t e c h n i c a l  d i sadvan-  
t a g e s  w i t h  t h e  MSFC p r o p o s a l .  The f a t t e r  shape leads t o  i n -  
creased d r a g ,  and performance c a p a b i l i t y  i s  1 0 0  pounds l e s s  
than t h e  SLA-nose cone-tower j e t t i s o n  motor c o n f i g u r a t i o n ,  i f  
b o t h  j e t t i s o n e d  and n o n - j e t t i s o n e d  weights are e q u i v a l e n t .  
However, t h e  weights of bo th  are expec ted  t o  b e  h i g h e r  than 
t h e  SLA. The a t t e n u a t i o n  of e x t e r n a l  a c o u s t i c  p r e s s u r e  a t  
l i f t o f f  t h rough  t h e  .040  i nch  s k i n  o f  t h e  proposed e n c l o s u r e  
i s  l e s s , b y  about  8 d B  o v e r a l l ,  t h a n  th rough  t h e  honeycomb SLA. 
A s  t h e  payloads  a r e  des igned  t o  t h e  i n t e r n a l  SLA envi ronment ,  
a method must be found t o  f u r t h e r  a t t e n u a t e  t h e  sound p r e s s u r e  
l e v e l .  S e v e r a l  c o n c e p t s  a r e  under  s t u d y ,  w i t h  the  most a t t r a c -  
t i v e  be ing  a he l ium i n s t e a d  o f  n i t r o g e n  purge of  t h e  e n c l o s u r e  
on t h e  pad. T h i s  approach w i l l  p robab ly  no t  g i v e  t he  f u l l  
8 d B  n o i s e  r e d u c t i o n ,  and the  a d d i t i o n  of  a foam o r  o t h e r  
a t t e n u a t i n g  m a t e r i a l  might be r e q u i r e d .  Weight e s t i m a t e s  f o r  
a t t e n u a t i n g  m a t e r i a l s  r a n g e  from 100  t o  T O O  pounds, which 
t r a n s l a t e  i n t o  30 t o  200 pounds payload  l o s s .  The l a r g e r  
d i a m e t e r  a t  t h e  Spacec ra f t  a t t a c h  p o i n t s  ye f lu i r e s  a d d i t i o n a l  
s t r u c t u r e  t o  t r a n s m i t  i n t e r f a c e  l o a d s  t o  t h e  f i x e d  p o r t i o n  o f  
t h e  e n c l o s u r e  and d i s t r i b u t e  t h e s e  l o a d s  t o  a n  approx ima te ly  
uni form d i s t r i b u t i o n  a t  t h e  I U  i n t e r f a c e .  MSFC's p r e s e n t  con- 
c e p t  of  f o u r  30 pound s h e a r  webs i s  n o t  cons ide red  r e a s o n a b l e  
by t h i s  a u t h o r  i n  view of  t h e  f a c t  tha t  these  webs must suppor t  
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o v e r  25,000 pounds of payload under  a n  a c c e l e r a t i o n  of  o v e r  
4 g ' s .  It i s  e s t i m a t e d  that  t h e  lower s t r u c t u r e ,  which i s  n o t  
j e t t i s o n e d ,  w i l l  be a t  l e a s t  1 0 0 ,  and p o s s i b l y  s e v e r a l  hundred 
pounds h e a v i e r  t h a n  the  lower SLA. 

N e w  GSE, r a t h e r  t h a n  mod i f i ed  o r  u s a b l e  Apollo GSE, 
w i l l  be r e q u i r e d  t o  suppor t  t h e  MSFC e n c l o s u r e .  E x i s t i n g  
l i f t i n g  f i x t u r e s ,  i n t e r n a l  work p l a t f o r m s ,  and MSC a c o u s t i c  
t e s t  d u c t s  are n o t  u s a b l e .  There w i l l  a l s o  be r e - a n a l y s i s  o f  
i n t e r f a c e  l o a d s  and s t r u c t u r a l  c a p a b i l i t i e s  of  t h e  A i r l o c k  
Module r e q u i r e d  at McDonnell, 

T e c h n i c a l  Comparison 

The t e c h n i c a l  problems of  b o t h  t h e  SLA and the  203 
t y p e  e n c l o s u r e  can  be so lved .  C lea rance  between P o r t  1 of  
t h e  MDA and t h e  SLA are s u f f i c i e n t  i f  a dep loyab le  cove r  i s  
used  on a 3 1 / 2  i n c h  s h o r t e r  t u n n e l .  The b e s t  approach f o r  
s o l v i n g  t h e  a c o u s t i c  problem on t h e  203 t y p e  e n c l o s u r e  has n o t  
been de termined ,  and t h e  s o l u t i o n  might r e s u l t  i n  a performance 
l o s s .  The f l e x i b i l i t y  of t h e  203 t y p e  e n c l o s u r e  i s  a n  advan- 
t a g e  from t h e  s t a n d p o i n t  of no change t o  KSC f a c i l i t i e s  between 
m i s s i o n s ,  bu t  i t s  new shape f o r c e s  d e s i g n  and manufacture  of 
some new GSE. The t e s t  programs for each  do no t  appear s i g n i -  
f i c a n t l y  d i f f e r e n t ,  bu t  t h e r e  w i l l  be  minor a d d i t i o n a l  t e s t s  
f o r  i n v e s t i g a t i o n  of f i x e s  f o r  t he  a c o u s t i c  problem o f  t h e  
203  t y p e ,  and equipment a t  MSC f o r  t h e  composi te  a c o u s t i c  
t e s t s  would have t o  be modif ied f o r  t h e  new shape .  

The l aunch  v e h i c l e  performance c a p a b i l i t y  u s i n g  t h e  
2 0 3  t y p e  e n c l o s u r e  i s  expec ted  t o  be  300 t o  600  pounds l ess  
t h a n  t h e  c a p a b i l i t y  u s i n g  a c l am-she l l  SLA, ( 2 0 0  t o  500 pounds 
l e s s  t h a n  t h e  c a p a b i l i t y  w i t h  an  over- the-nose o r  combinat ion S L A ) .  
T h i s ,  p l u s  t h e  f a c t  t h a t  t h e  i n f l u e n c e  of  t h e  SLA on t h e  payload  
environment i s  w e l l  understood and has been f a c t o r e d  i n t o  pay- 
l o a d  d e s i g n  leads t o  a p u r e l y  t e c h n i c a l  p r e f e r e n c e  f o r  a SLA- 
s p l i t  nose cone c o n f i g u r a t i o n  j e t t i s o n e d  by t h e  c l am-she l l  
t e c h n i q u e .  

Cost  Comparison 

The c o s t  estimates g i v e n  below are  based on th ree  
payload  enclosures--one f o r  t e s t  and two f o r  t h e  p r i m e  f l i g h t  
pay loads .  Two a d d i t i o n a l  e n c l o s u r e s  may be r e q u i r e d  f o r  t h e  
backup pay loads ,  and t h e r e f o r e  c o s t s  f o r  f i v e  u n i t s  are a l s o  
g i v e n .  
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The f i r s t  q u e s t i o n  i s  whether SLA's w i l l  b e  available 
from the  Apollo Program a t  no c o s t  t o  AAP. There are p r e s e n t l y  
two more SLA's  i n  t h e  Apollo Procurement P l a n  t h a n  t h e r e  are 
f l i g h t  CM-SM's .  However, Apollo i s  expec ted  t o  c u t  t he  las t  
two i tems i n  t h e i r  c o s t  r e d u c t i o n  program, and AAP can there- 
f o r e  expec t  t o  p a y  f o r  a l l  SLA's it u s e s  on unmanned p a y l o a d s .  
A SLA i n  t h e  Apollo c o n f i g u r a t i o n  c o s t s  0.86 m i l l i o n  d o l l a r s  
( M ) .  The c o s t  of  AAP m o d i f i c a t i o n s  ( p a i d  t o  a c o n t r a c t o r )  
which i n c l u d e s  e n g i n e e r i n g ,  t e s t ,  and f a b r i c a t i o n  of k i t s  f o r  
t h r e e  u n i t s  i s  on t h e  o r d e r  o f  3 .3  M .  There i s  n o t  a s i g n i f i -  
c a n t  d i f f e r e n c e  between the  c o s t s  o f  t h e  t h r e e  c o n f i g u r a t i o n s .  
North American and McDonnell have reached  o s p o s i t e  c o n c l u s i o n s  
as t o  whether c l am-she l l  or over-the-nose i s  t h e  more expens ive ,  
w i t h  t h e  d i f f e r e n c e  i n  b o t h  c a s e s  b e i n g  less  than  0 . 1  M .  The c o s t  
a t  K S C  f o r  changes i n  Launch Complex 37B between launches  of 
AAP-2 and AAP-4 i s  about  0 . 5  M .  The t o t a l  c o s t  f o r  th ree  
j e t t i s o n a b l e  e n c l o s u r e s  us ing  t h e  Apol lo  SLA as t h e  base i s  
about  6 . 6  M .  The u n i t  r e c u r r i n g  c o s t  i s  about  1 . 2  M and there-  
f o r e  f i v e  u n i t s  would c o s t  approximate ly  9.0 M .  

MSFC proposes  t o  b u i l d  t h e  203  t y p e  e n c l o s u r e  i n -  
house.  I f  t h i s  p r o p o s a l  is  r e a l i z e d ,  d e s i g n  and manufac tu r ing  
c o s t s ,  w i t h  t h e  e x c e p t i o n  of minor procurements  and materials, 
a r e  absorbed  i n  Center  overhead.  MSFC estimates t h a t  new GSE 
and t e s t  equipment w i l l  c o s t  0 .6  M .  Tool ing  f o r  t h e  c y l i n d r i -  
c a l  s e c t i o n s  i s  estimated a t  0 . 1 6  M. Each u n i t  c o s t s  about  
0 . 3  M. The c o s t  of  r e - a n a l y s i s  o f  s t r u c t u r a l  c a p a b i l i t i e s  of  
t h e  Ai r lock  Module a t  McDonnell w i l l  be about  0.5 M ,  and new 
a c o u s t i c  t e s t  equipment f o r  MSC w i l l  be  on t h e  o r d e r  of  .25  M .  
The t o t a l  c o s t  o f  t he  Marshall program i s  t h e r e f o r e  about  2 . 4  M 
based on three u n i t s ,  and 3 . 0  M based on f i v e  u n i t s .  

I n  t o t a l  c o s t  t o  t h e  Apollo A p p l i c a t i o n s  program, 
t h e  Marshall p r o p o s a l  for one t e s t  and two f l i g h t  u n i t s  c o u l d  
s a v e  a t o t a l  o f  about  4 . 2  m i l l i o n  d o l l a r s .  For one t e s t  and 
f o u r  f l i g h t  u n i t s ,  t h e  s a v i n g  i s  about  6 m i l l i o n .  

Trade O f f  

The d e c i s i o n  as t o  which o f  the  con tende r s  shou ld  
be a c c e p t e d  can  be  made by answering whether  or n o t  600 t o  1 2 0 0  
pounds a d d i t i o n a l  payload  i n t o  o r b i t ,  s p l i t  between AAP-2 and 
AAP-4,  i s  worth t h e  4 . 2  m i l l i o n  d o l l a r s  a d d i t i o n a l  c o s t  of  t h e  
SLA. 
For f o u r  unmanned l aunches ,  t h e  f i g u r e s  are 2,500 t o  5,000 
d o l l a r s  p e r  pound. 

T h i s  works o u t  t o  be 3,500 t o  7 ,000  d o l l a r s  p e r  pound. 

1022-WWH- j d c  W .  W .  Hough 
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